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Seasonality in oestrus and litter size in 
an assistance dog breeding colony in the 
United Kingdom
Eleanor E Wigham, Rachel S Moxon, Gary C W England, James L N Wood, Michelle K Morters
Evidence of seasonality in oestrus in bitches within specialist breeding programmes, such as those for assistance 
dogs, may support colony management through tailoring the distribution of resources required for breeding 
throughout the year. However, at present there are conflicting data regarding seasonality in oestrus (and litter size) 
in domestic dogs. The primary objective of this study was to investigate seasonal variations in oestrus and litter size 
in a large assistance dog breeding colony in the UK in order to optimise colony management. The authors analysed 
the annual distribution of 3624 observations of oestrus collected from 568 brood bitches from January 2005 to June 
2014. The authors also evaluated the relationship between month and litter size for 1609 litters observed during the 
same period. There was no evidence of regular seasonal variations in oestrus or litter size by meteorological season 
or month. The lack of seasonality in oestrus may be a function of dogs in the UK, particularly valuable breeding 
bitches, being exposed to fairly constant environmental conditions throughout the year as a consequence of 
artificial light and heating during the winter months. The authors’ findings suggest that special consideration of the 
annual distribution of oestrus and litter size is unnecessary for the management of assistance dog breeding colonies 
similar to those in the UK.
Introduction
Knowledge of seasonality in oestrus and litter size of bitches in 
assistance dog breeding colonies may support colony manage-
ment through the efficient allocation throughout the year of 
resources required for the breeding programme. However, while 
it is generally accepted that day length is the main factor regu-
lating seasonal variations in breeding in most species,1 experi-
mental and observational studies of seasonality in oestrus, and 
its regulatory factors, are limited and somewhat conflicting for 
domesticated dogs.2–5 This may reflect the diversity of the study 
populations, which include free-roaming, predominately mixed 
breed dogs in less developed communities, and purebreed or first 
crossbreed pet and laboratory dogs in developed communities.
Studies from less developed communities include one from 
Jaipur, in the temperate region of northern India, where oestrus 
was more commonly observed in free-roaming bitches during late 
autumn and winter.3 By contrast, there was no evidence of season-
ality in impounded bitches in the tropics of Merida, Mexico.5 
Likewise, seasonality in pregnancy was not observed in two 
entire free-roaming populations in Bali, Indonesia, with a tropical 
climate and fairly constant day length all year round. However, 
nor were regular seasonal variations in pregnancy observed in two 
free-roaming dog populations in Gauteng Province, South Africa; 
a region with a temperate climate and marked seasonal variation 
in day length.4
Studies of seasonal variations of oestrus in bitches in devel-
oped communities, generally living under more regulated environ-
mental conditions, have also generated contradictory results.6–11 
These studies include laboratory and pet dogs of various breeds. 
Regular seasonal variations in oestrus were reported in 449 pure-
breed dogs in England and Wales8 and 594 German Shepherd Dogs 
in Kenya in the tropics.10 Similarly, a colony of laboratory Beagles 
in Quebec, Canada, housed indoors under constant temperature 
control but with exposure to natural daylight, also demonstrated 
a seasonal pattern in oestrus (peaking in winter and summer)7; a 
peak in oestrus in May was observed over a 12-month period in a 
Beagle laboratory population in Sweden housed outdoors without 
supplementary light or heating9; and, whelping varied with 
season over a 12-year period in purebreed pet and breeding bitches 
housed under artificial conditions during the winter months in 
Sweden.6 By contrast, Labradors and Golden Retrievers kept as 
pets in Sweden did not show any periodicity in oestrus during 
a one-year period9; however, nor did purebreed dogs in the USA 
exposed to seasonal variations in day length through natural and 
artificial lighting over a three to four-year study period.11 Likewise, 
observed variations in litter size with meteorological season are 
also inconsistent6 10 12 and, thus, subject to debate.
The reproductive behaviour of the domestic dog is commonly 
described as monoestrous with a uniquely prolonged interoestrous 
interval13; with an average interoestrous period of approximately 
seven months and a range of 3.5–13 months.14 15 The age of sexual 
maturity in the bitch may vary with breed, ranging from approx-
imately six months to two years, with most reaching maturity 
Paper
10.1136/vr.104217
Veterinary Record (2017) doi: 10.1136/vr.104217
Eleanor E Wigham, MVetMB,
James L N Wood, BSc BVetMed MSc 
MA PhD FRCVS FRSB FRSS DipECVPH,
Michelle K Morters, BVSc PhD,
Department of Veterinary Medicine, 
University of Cambridge, Cambridge, UK
Rachel S Moxon, BSC (Hons),
The Guide Dogs for the Blind 
Association, Leamington Spa, UK
Gary C W England, BVetMed PhD 
DVetMed DipVR DipVRep DipACT 
DipECAR PFHEA FRCVS,
School of Veterinary Medicine and 
Science, University of Nottingham, 
Leicester, UK
E-mail for correspondence:  
 michellemm675@ gmail. com
Provenance and peer review Not 
commissioned; externally peer 
reviewed.
Received November 17, 2016
Revised June 30, 2017
Accepted July 29, 2017
 o
n
 April 17, 2020 by guest. Protected by copyright.
http://veterinaryrecord.bmj.com/
Veterinary Record: first published as 10.1136/vr.104217 on 2 Septem
ber 2017. Downloaded from
 
2 of 6 | Veterinary Record | 10.1136/vr.104217
PaperPaper
at 8–12 months.14 16 As noted above, it is generally accepted 
that day length is the main factor regulating breeding cycles in 
many species, and also the Basenji breed of dog.17–21 For example, 
in seasonal breeders such as sheep, the length of anoestrus is 
synchronised, generating seasonal cycles in oestrus in the popula-
tion. Anoestrus is regulated through exposure of the pineal gland 
to light, mediating the release of melatonin and, in turn, gonad-
otrophin-releasing hormone. This same mechanism is known to 
drive annual oestrous cycles in the Basenji breed.18 21 Controlled 
studies have demonstrated that manipulating day length using 
artificial light can modulate the interoestrous period and, there-
fore, breeding cycles in ewes.22–24 Although, to the authors’ 
knowledge, similar controlled studies have not been carried out 
in domesticated dogs, and despite the inconsistencies in the afore-
mentioned observational studies, it may be reasonable to assume 
that exposure to artificial light, especially during the winter 
months, may also interfere with the regulation of reproduction in 
dogs, dampening any normal seasonal variations in oestrus.
Given the possible impact of seasonal breeding on the efficacy 
of colony management, and the existing discrepancies between 
meteorological season, oestrus and litter size in dogs, the authors 
investigated seasonal variations in oestrus and litter size in 
brood bitches in a large, well-managed breeding colony for assis-
tance dogs in the UK. The results from this study may provide 
assistance dog charities valuable data to support or improve 
management of their breeding colonies by allowing the effective 
allocation of resources required for breeding throughout the year.
Materials and methods
Reproductive records for all bitches in the assistance dog breeding 
colony from January 2005 to June 2014 (inclusive) were analysed 
for this study. Records included oestrus, mating and whelping 
dates, with oestrus identified by brood bitch owners and recorded 
in the database at the breeding centre by the centre staff.
Generally, following recruitment into the breeding colony at 
about 12–15 months of age, bitches are mated approximately once 
a year, that is, every other oestrus. The centre staff provide owners 
with standardised information regarding nutrition, husbandry 
and identification of oestrus for their breeding bitch. The same 
advice was provided to owners throughout the study period.
R was used for all statistical analysis.25
Seasonality in oestrus
The total number of bitches present in the colony varied 
throughout the study period due to the continual recruitment 
of new bitches and the retirement of bitches after one to five 
years in the colony. Therefore, in order to account for variations 
in colony size during the study period, the proportion of the 
colony in oestrus, rather than the absolute number of bitches 
in the colony in oestrus, was evaluated by month and meteor-
ological season. The exact date of recruitment and retirement 
was often not recorded; therefore, with the exception of 2014, 
only those bitches recorded as present in the breeding colony for 
that entire year were included in the analysis. Those bitches still 
present in the breeding colony at the end of study in June 2014 
were included in the analysis for that year.
The first day of oestrus was taken to be the day when a sero-
sanguineous discharge was initially detected; and, month of 
oestrus was considered to be the month which included the first 
day of oestrus. For any bitches with a ‘split season’, the start date 
of the second of the two closely recorded observations of oestrus 
was taken as the true month of oestrus.26
The proportion of bitches in oestrus during any given meteor-
ological season (with winter taken to be December to February; 
spring March to May; summer June to August; and, autumn 
September to November) was estimated from the total number 
of bitches in oestrus during the three-month period divided by the 
total number of bitches present in the colony during that period. 
Winter straddles two consecutive years, therefore the denomi-
nator was the mean number of dogs in the breeding colony for 
this period, given that the number of dogs in the study population 
in each year was similar (Table 2). Estimating the proportion of 
bitches in oestrus per month allowed for comparisons between 
years.
Variations in the distribution of oestrus by month and mete-
orological season were assessed by visual inspection of plots and 
non-parametric regression. An overall increase or decrease in the 
proportion of bitches in oestrus during the study period was 
assessed using linear regression. Finally, autocorrelation was used 
to detect any evidence of periodicity in the proportion of bitches 
in oestrus each month during the 9.5-year time series. The data by 
month and meteorological season were then combined (ie, all the 
January data for the study period, and so on; and all the summer 
data for the study period, and so on) and the overall or cumulative 
mean proportion of bitches in oestrus calculated for each month 
of the year and for each meteorological season.
Seasonality in litter size
The number of bitches whelping each month varied, therefore 
the median litter size per month was analysed rather than the 
mean, given that the mean litter size varied with the number of 
bitches whelping per month and is sensitive to outliers. Litter 
size included stillbirths. Analysis for variations in litter size by 
month included visual inspection of plots, non-parametric and 
linear regression and autocorrelation, as described for the eval-
uation of ‘Seasonality in oestrus’ in the Materials and methods 
section.
The effect of meteorological season and pregnancy on 
the interoestrous interval
To gauge the effect of meteorological season and pregnancy on 
the length of the interoestrous period, an arbitrary sample size of 
200 bitches was randomly selected from those bitches that had 
at least two observations of oestrus while in the breeding colony. 
Bitches were categorised by the meteorological season in which 
the first of their two successive observations of oestrus fell and 
pregnancy status during the interoestrous period. Twenty-five 
bitches were randomly selected from each category, then for each 
TABLE 1: The distribution of breeds in the study population from 
January 2005 to June 2014
Labrador x Golden Retrievers (%) 41.1
Labrador Retrievers (%) 34.3
Golden Retrievers (%) 10.7
German Shepherd Dogs (%) 5.7
Others (%) 8.3
TABLE 2: The number of bitches present in the colony for the 
entire year
Year Number of bitches
2005 148
2006 226
2007 233
2008 233
2009 261
2010 278
2011 280
2012 273
2013 259
2014 204
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of these bitches one of their interoestrous periods was randomly 
selected. The length of the interoestrous period was calculated 
using the recorded start date of each of the two successive obser-
vations of oestrus. Analysis of variance was used to investigate 
the relationship between the length of the interoestrous period 
and pregnancy status during the interoestrous period; with 
the final model checked for violation of constant variance and 
normal error distribution assumptions.
Ethics committee approval was not required to analyse data 
already routinely collected.
Results
Description of the study population
The age of the dogs at the start of an oestrus, for the bitches 
included in the analysis, ranged from 5 to 101 months. The most 
common breeds were Labradors crossed with Golden Retrievers 
(41.1 per cent) and Labrador Retrievers (34.3 per cent) (Table 1).
Seasonality in oestrus
A total of 3624 observations of oestrus collected from 568 bitches 
were included in the analysis. A median of 246 brood bitches 
were included in the analysis each year, ranging from 148 to 280 
(Table 2).
The results provide no clear evidence of regular seasonal 
variations in oestrus. There was considerable month-to-month 
variation in the proportion of bitches in oestrus, without regular 
annual or biannual peaks and troughs in oestrus, or regular cycles 
of intervals longer than 12 months (Fig 1). This is supported by 
autocorrelation, which produced no evidence of periodicity in 
the time series. There was a significant increase (P=0.001) in the 
proportion of bitches in oestrus each month during the study 
period (Fig 2). However, exclusion of the first five data points 
resulted in no significant increase or decrease in the proportion of 
bitches in oestrus each month with time (P=0.11) (Fig 3).
Approximately 80 per cent of the same bitches were present in 
the study population between successive years (Table 3).
The smallest overall or cumulative mean proportion of bitches 
in oestrus by month was in July (0.107) and the largest in August 
(0.157) (Fig 4).
There was no clear regular variation in the proportion of 
bitches in oestrus by meteorological season (Fig 5). The overall or 
cumulative mean and median proportions were similar between 
meteorological seasons, with the highest median proportion of 
bitches in oestrus in the winter (0.411) and lowest in the summer 
(0.384) (Table 4).
Seasonality in litter size
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FIG 1: The number of bitches in oestrus each month as a 
proportion of the total number of bitches in the breeding population 
for that entire year. A loess model was fitted to the data, shown 
by the smooth non-parametric regression lines; the central 
non-parametric regression line shows the mean variation in the 
proportion of bitches in oestrus, and the dashed outer lines show 
the 5% and 95% CIs for the mean.
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FIG 2: The number of bitches in oestrus each month as a 
proportion of the total number of bitches in the breeding population 
for that entire year. A linear regression model was fitted to the data, 
shown by the straight overlaid line (P=0.001).
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FIG 3: The number of bitches in oestrus each month as a 
proportion of the total number of bitches in the breeding population 
for that year excluding the first five data points. A linear regression 
model was fitted to the data, shown by the straight overlaid line 
(P=0.11).
TABLE 3: Percentage of bitches in the study population present 
across successive years
Years %
2005–2006 65.0
2006–2007 82.0
2007–2008 85.2
2008–2009 72.0
2009–2010 82.7
2010–2011 75.9
2011–2012 74.7
2012–2013 86.3
2013–2014 96.3
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A total of 1609 litters were analysed. The results show no clear 
evidence of regular seasonal variations in median litter size 
(Fig 6). This is supported by autocorrelation, which produced 
no evidence of periodicity in the time series. Linear regression 
demonstrated no significant increase or decrease in median litter 
size with time (P=0.22). The overall or cumulative median litter 
size was 8 for each month and meteorological season.
The effect of meteorological season and pregnancy on 
the interoestrous interval
The random sample of 200 interoestrous periods was selected 
from 1646 interoestrous periods from 401 bitches that were 
pregnant during the interoestrous period and 1515 interoes-
trous periods from 410 bitches that were not pregnant during 
the interoestrous period. The overall (n=200) mean and median 
interoestrous period was 188 days and 185 days, respectively. 
The results show no clear evidence of seasonal differences in the 
length of the interoestrous period (Table 5); however, pregnancy 
significantly (P<0.001) increased the length of the interoestrous 
period when comparing the combined data for dogs pregnant 
during the period (n=100, mean=200 days, median=195 days) 
with dogs not pregnant during the period (n=100, mean=176 
days, median=169 days).
Discussion
This study provides the most recent and comprehensive evalua-
tion of seasonal variations in reproductive parameters in breeding 
bitches living under controlled environmental conditions, thus 
supporting the management of comparable specialised breeding 
colonies. The authors found no evidence of regular seasonal vari-
ations in oestrus in the purebreed and first crossbreed bitches 
in a large assistance dog breeding colony in the UK. Although 
at an individual level, longitudinal data regarding housing 
conditions were not available for this study, all bitches within 
the breeding colony are housed within home environments for 
their entire lives, therefore are likely to have been exposed to a 
fairly constant photoperiod throughout the year from artificial 
lighting. The results of the present study are comparable to those 
of a smaller study of pet bitches in Sweden, probably housed 
under similar conditions9; and, free-roaming dogs in the tropics 
exposed to fairly constant natural day length.4 5 By contrast, 
similar populations of breeding bitches housed in controlled 
environments in the UK8 and Sweden6 reported seasonal peaks in 
oestrus. Despite these disparities, the most plausible explanation 
for the absence of seasonality in the present study population 
may be the effect of valuable breeding bitches being kept indoors 
and exposed to artificial lighting and heating, particularly during 
the winter months. However, given the importance of efficient 
colony management to generate sufficient numbers of assistance 
dogs for disabled citizens, more detailed and controlled studies of 
the effect of photoperiod on reproductive parameters in breeding 
bitches are warranted.
Although it is generally understood that photoperiod is 
the main factor that synchronises oestrus in many species, 
seasonality in oestrus has also been attributed to other regulatory 
factors, such as ambient temperature2 5 and breed.11 In this study, 
the authors did not investigate the relationship between regular 
variations in oestrus and these other factors, particularly given the 
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FIG 4: The overall or cumulative mean proportion of bitches in 
oestrus by month. The dashed vertical lines show the range in the 
proportion of bitches in oestrus by month.
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FIG 5: The number of bitches in oestrus during each meteorological season as a proportion of the total number of bitches present in that 
year.
TABLE 4: The overall or cumulative mean and median proportion 
of bitches in oestrus for each meteorological season
Winter (n=10)* Spring (n=10) Summer (n=9)† Autumn (n=9)
Mean 0.393 0.389 0.392 0.395
Median 0.411 0.400 0.384 0.408
Range 0.212–0.439 0.204–0.539 0.341–0.442 0.327–0.450
*Includes December 2004; excluding December 2004 to February 2005 n=9, mean=0.413, 
median=0.414, range=0.365–0.439.
†The results are the same when June 2014 is included.
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limited range of breeds in this assistance dog colony. Pregnancy 
and parity may also influence the length of the interoestrous 
interval and, thus, subsequent oestrous start dates.9–11 While 
the authors found evidence supporting these prior observations, 
evaluation of the effect of these factors on seasonal variations in 
oestrus was precluded for this study because the duration that 
each bitch was in the colony was limited and mating was system-
atic, that is, attempted every other oestrus and was generally 
successful for most bitches. Ideally, the authors would have also 
studied hormone profiles in individual bitches but this was not 
within the scope of the present study.
The authors also found no significant increase or decrease in 
the proportion of bitches in oestrus over the entire study period 
(Fig 3), which suggests that colony composition and management 
remained fairly constant throughout. This is consistent with the 
standardised advice provided to the owners of the brood bitches in 
the colony by the centre staff regarding the best possible environ-
mental conditions and nutrition for each individual bitch.
Finally, there was no evidence of regular seasonal variations 
in litter size in this assistance dog breeding colony, consistent 
with a larger (of 10,810 litters from 224 breeds), although shorter, 
study undertaken in Norway.12 An association between litter size 
and several other factors, such as age, general health and parity, 
has also been reported.27 However, an association between litter 
size and these other factors was not investigated here for the 
reasons mentioned above, and because all of the bitches in the 
present study were healthy at the time of mating. Therefore, 
in light of the authors’ observations overall, in well-managed 
breeding colonies, where the majority of dogs are housed indoors 
and environmental factors such as light and heat are controlled, it 
may be anticipated that oestrus and, thus whelping, occur fairly 
constantly throughout the year. Thus, resources that support 
successful breeding, such as staff and kennel space in the breeding 
facility, and the distribution of puppies for training as assistance 
dogs can be anticipated to be allocated evenly throughout the 
year.
Conclusion
The present study has generated valuable data that support 
specialised breeding facilities in controlled environments such as 
that for assistance dogs in the UK. The authors found no evidence 
of seasonality in oestrus or litter size, with bitches coming into 
season, on average, every six months. This may be a function 
of the bitches in this study being exposed to artificial light and 
heating leading to fairly consistent environmental conditions 
throughout the year. Overall, the authors’ findings suggest that 
special measures to vary the allocation of resources required to 
support breeding throughout the year are not necessary.
Acknowledgements 
The authors gratefully acknowledge the data provided by The 
Guide Dogs for the Blind Association, UK, for this study.
Competing interests None declared.
Open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, and 
license their derivative works on different terms, provided the original work is properly 
cited and the use is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 
4. 0/
© British Veterinary Association (unless otherwise stated in the text of the article) 
2017. All rights reserved. No commercial use is permitted unless otherwise expressly 
granted.
References
 1 CHEMINEAU P, GUILLAUME D, MIGAUD M, et al. Seasonality of reproduc-
tion in mammals: intimate regulatory mechanisms and practical implications. 
Reprod Domest Anim 2008;43 (Suppl 2):40–7.
 2 CHATDARONG K, TUMMARUK P, SIRIVAIDyAPONG S, et al. Seasonal and 
breed effects on reproductive parameters in bitches in the tropics: a retrospective 
study. J Small Anim Pract 2007;48:444–8.
 3 CHAWLA SK, REECE JF. Timing of oestrus and reproductive behaviour in 
Indian street dogs. Vet Rec 2002;150:450–1.
 4 MORTERS MK, MCKINLEy TJ, RESTIF O, et al. The demography of free-
roaming dog populations and applications to disease and population control. J 
Appl Ecol 2014;51:1096–106.
 5 ORTEGA-PACHECO A, SEGURA-CORREA JC, JIMENEz-COELLO M, et al. 
Reproductive patterns and reproductive pathologies of stray bitches in the 
tropics. Theriogenology 2007;67:382–90.
 6 BOBIC GAVRILOVIC B, ANDERSSON K, LINDE FORSBERG C. Reproductive 
patterns in the domestic dog--a retrospective study of the Drever breed. 
Theriogenology 2008;70:783–94.
 7 BOUCHARD G, yOUNGQUIST RS, VAILLANCOURT D, et al. Seasonality 
and variability of the interestrous interval in the bitch. Theriogenology 
1991;36:41–50.
 8 CHRISTIE DW, BELL ET. Some observations on the seasonal incidence 
and frequency of oestrus in breeding bitches in Britain. J Small Anim Pract 
1971;12:159–67.
 9 LINDE FORSBERG C, WALLéN A. Effects of whelping and season of the year 
on the interoestrous intervals in dogs. J Small Anim Pract 1992;33:67–70.
 10 MUTEMBEI HM, MUTIGA ER, TSUMA VT. A retrospective study on some 
reproductive parameters of German shepherd bitches in Kenya. J S Afr Vet Assoc 
2000;71:115–7.
 11 SOKOLOWSKI JH, STOVER DG, VANRAVENSWAAy F. Seasonal incidence of 
estrus and interestrous interval for bitches of seven breeds. J Am Vet Med Assoc 
1977;171:271–3.
 12 BORGE KS, TøNNESSEN R, NøDTVEDT A, et al. Litter size at birth in pure-
bred dogs--a retrospective study of 224 breeds. Theriogenology 2011;75:911–9.
 13 OLSON PN, NETT TM. Reproductive endocrinology and physiology of the 
bitch In: MARROW DA, ed. Current therapy in theriogenology: diagnosis, 
treatment and prevention of reproductive diseases in small and large animals. 
Philadelphia: Saunders, 1986:453–7.
 14 FELDMAN EC, NELSON RW. Canine and feline endocrinology and reproduc-
tion. 3rd edn. USA: Saunders, 2004.
0
2
4
6
8
10
m
e
di
an
12
14
Jan-06 Jan-08 Jan-10 Jan-12 Jan-14
month
FIG 6: Median litter size by month. A loess model was fitted 
shown by the smooth non-parametric regression lines; the central 
non-parametric regression line shows the average distribution of 
litter size and the dashed outer lines show the 5% and 95% CIs for 
the mean.
Table 5: Summary of the random sample of 200 interoestrous 
periods
Winter
(days)
Spring
(days)
Summer
(days)
Autumn
(days)
Pregnant Mean 198 193 205 202
Median 187 193 202 195
Range 143–267 119–279 119–267 114–270
Not pregnant Mean 185 173 170 174
Median 185 167 167 167
Range 115–251 101–248 104–279 94–285
Combined 
pregnancy 
status
Mean 192 184 188 188
Median 186 182 188 181
Range 115–267 101–279 104–279 94–285
 o
n
 April 17, 2020 by guest. Protected by copyright.
http://veterinaryrecord.bmj.com/
Veterinary Record: first published as 10.1136/vr.104217 on 2 Septem
ber 2017. Downloaded from
 
6 of 6 | Veterinary Record | 10.1136/vr.104217
PaperPaper
 15 ROWLANDS IW. Some observations on the breeding of dogs. Proc Soc Study Fertil 
1950;2:40–55.
 16 PETER AT. The reproductive system In: HOSKINS JD, ed. Veterinary pediatrics: 
dogs and cats from birth to six months. 3rd edn. Philadelphia, USA: Saunders, 
2001:463–75.
 17 FORCADA F, ABECIA JA, SIERRA I. Seasonal changes in oestrus activity and 
ovulation rate in Rasa Aragonesa ewes maintained at two different body condi-
tion levels. Small Ruminant Res 1992;8:313–24.
 18 FULLER JL. Photoperiodic control of estrus in the Basenji. J Hered 1956;47:179–80.
 19 GUNN RG, DONEy JM. Fertility in Cheviot ewes. 1. The effect of body condi-
tion at mating on ovulation rate and early embryo mortality in North and South 
Country Cheviot ewes. Anim Prod 1979;29:11–16.
 20 RHIND SM, MCNEILLy AS. Follicle populations, ovulation rates and plasma 
profiles of LH, FSH and prolactin in Scottish Blackface ewes in high and low 
levels of body condition. Anim Reprod Sci 1986;10:105–15.
 21 TEDOR JB, REIF JS. Natal patterns among registered dogs in the United States. 
J Am Vet Med Assoc 1978;172:1179–85.
 22 DUCKER MJ, THWAITES CJ, BOWMAN JC. Photoperiodism in the ewe: 2. 
The effects of various patterns of decreasing daylength on the onset of oestrus 
in clun forest ewes. Anim Prod 1970;12:115–23.
 23 LEGAN SJ, KARSCH FJ. Photoperiodic control of seasonal breeding in 
ewes: modulation of the negative feedback action of estradiol. Biol Reprod 
1980;23:1061–8.
 24 VESELy JA. Application of light control to shorten the production cycle in two 
breeds of sheep. Anim Prod 1978;26:169–76.
 25 R CORE TEAM. R: A language and environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical Computing. http://www. R- 
project. org/ 2014.
 26 BLENDINGER K. Physiology and pathology of the estrous cycle of the bitch. 
56th Congress of the SCIVAC. Rimini, Italy: Italian Companion Animal 
Veterinary Association; 2007, 73–77.
 27 ANDERSEN AC. Reproductive ability of female Beagles in relation to advancing 
age. Exp Gerontol 1965;1:189–92.
 o
n
 April 17, 2020 by guest. Protected by copyright.
http://veterinaryrecord.bmj.com/
Veterinary Record: first published as 10.1136/vr.104217 on 2 Septem
ber 2017. Downloaded from
 
